OBJECTIVE -The goal of this study was to assess the associations of physical activity time and television (TV) time with risk of "undiagnosed" abnormal glucose metabolism in Australian adults.
I
n Australia and elsewhere, increases in obesity (1) and declines in adult participation in physical activity have been reported (2, 3) . Physical activities and sedentary behaviors are two broad classes of behavior that may be clearly distinguished from each other and that have different patterns of determinants (4, 5) . They may also have independent effects on total energy expenditure, on weight gain, and on underlying metabolic parameters (6, 7) . In recent times, the importance of regular physical activity has been highlighted in public health guidelines adopted by several health agencies (8) , whereby adults should engage in moderate-intensity physical activity for at least 30 min on Ն5 days/week or engage in vigorous physical activity Ն3 days/week for Ն20 min/occasion.
Prospective studies have consistently shown that physical activity reduces the risk of diabetes, with a recent metaanalysis of 23 studies showing that sedentary individuals have a 1.31-1.45 increase in risk compared with active individuals (9) . Some population-based cross-sectional studies have also demonstrated an inverse association between physical activity and risk of impaired glucose tolerance (IGT) (10, 11) . However, most of this evidence has come from nonwhite populations (10 -12) . More recent studies in white populations have been limited to middle-aged or elderly subjects (13, 14) . Information on the associations of physical activity with categories of abnormal glucose metabolism (impaired fasting glycemia [IFG] , IGT, and undiagnosed new type 2 diabetes) is needed from larger population-based studies.
Sedentary behaviors, as represented by television (TV) watching, have been linked to obesity and cardiovascular disease risk factors in children (15, 16) and adults (17, 18) . Two longitudinal studies conducted in the U.S. (6, 7) have reported an inverse relationship between risk of type 2 diabetes and physical activity and a positive association with TV time. In those studies, type 2 diabetes was, how-ever, self-reported. There have been no large population-based studies that have simultaneously assessed the relationships between physical activity, TV time, and objectively measured precursors of type 2 diabetes (IFG, IGT, and new type 2 diabetes).
The recent Australian Diabetes, Obesity, and Lifestyle Study (AusDiab) included oral glucose tolerance tests (OGTTs), and this analysis evaluates the cross-sectional associations of physical activity and TV time with the presence of objectively determined indexes of abnormal glucose metabolism (IFG, IGT, new type 2 diabetes).
RESEARCH DESIGN AND METHODS -AusDiab was conducted during 1999 -2000 and studied a representative national sample of adults aged 25 years and older from the six states of Australia and the Northern Territory. The methods and major findings have been reported (1, 19, 20) . The sample of 11,247 adults represented 55% of those completing the initial household interview. The present analyses use data from the 8,299 adults who were not pregnant and did not have health conditions that may affect physical activity habits, including those with clinically diagnosed type 2 diabetes and those taking prescribed medication for hypertension or dyslipidemia. Those who reported a history of angina, stroke, or myocardial infarction were also excluded.
Measures and data management
Participants attended the local survey center after an overnight fast (minimum of 8 h). An OGTT was performed and interpreted using World Health Organization specifications (21) . Blood specimens were centrifuged and transported daily to the central laboratory. Plasma glucose levels were determined using an Olympus AU600 automated analyzer. Abnormal glucose metabolism was defined as having IFG, IGT, or new type 2 diabetes.
Waist circumference was measured using a steel measuring tape, with duplicate measurements made halfway between the lower border of the ribs and the iliac crest on a horizontal plane. The mean of these measures was used in the analyses. Obesity was defined as a waist circumference of Ն102.0 cm in men and Ն88.0 cm in women (22) . Height without shoes was measured to the nearest 0.5 cm using a stadiometer. Weight was measured with the subject wearing light clothes on a mechanical beam balance and was recorded to the nearest 0.1 kg. BMI was calculated as weight (kilograms)/ height (meters squared). Those with a BMI of 25.0 -29.9 kg/m 2 were classified as overweight, whereas those with a BMI of Ն30.0 kg/m 2 were classified as obese (22) .
Demographic attributes, physical activity, and TV time were assessed using an interviewer-administered questionnaire. Participants reported their age, family history of diabetes (mother/father), current cigarette smoking status, and level of educational attainment (categorized as primary/never attended, some secondary, completed secondary, and university/ further education).
Participants self-reported their frequency and duration of physical activity during the previous week using the Active Australia Survey questionnaire (23) . Physical activity consisted of walking for recreation or transport, "other" moderate activity, and vigorous activity. These questions have been found to provide reliable and valid estimates of adult physical activity (23) . Total physical activity time for the previous week was calculated as the sum of the time spent walking (if continuous and Ն10 min) or performing moderate physical activity plus double the time spent in vigorous physical activity. Australian public health guidelines (24) recommend a total physical activity time of at least 150 min/week. Because vigorous-intensity activity is commonly considered to contribute additional health benefits, we analyzed associations between abnormal glucose metabolism and walking plus moderate physical activity time (excluding those who reported any vigorous activity), and total physical activity time (including those who reported Ͼ0 min of vigorous activity) was assessed. Total physical activity categories were created to reflect current recommendations-those meeting the public health physical activity guidelines (Ն2.5 h/week), those engaged in some physical activity but not meeting the public health guidelines (Ͼ0 -2.49 h/week), and those reporting no activity (sedentary; 0 h/week). Walking plus moderate physical activity only was categorized according to those meeting the public health guidelines (Ն2.5 h/week) and those not meeting the guidelines.
Participants also self-reported the total time they spent watching TV or videos in the previous week. This measure provides a reliable and valid estimate of TV time among adults (5). The average hours watching TV per week was used to create three categories of TV viewing (0 -7, 7.01-14, and Ͼ14 h/week).
A self-administered validated food frequency questionnaire developed by the Anti-Cancer Council of Victoria (25) was used to assess nutrient intakes. Calculation of nutrient intake was achieved by multiplying the frequency of food consumption by standard portion weights to obtain weight of food consumed per day. These were then converted to nutrient intakes based on the NUTTAB95 nutrient composition data (26) .
Statistical analysis
All analyses were conducted using Stata Statistical Software Release 8.0 (27) survey commands for analyzing complex survey data. Sample weights based on the 1998 estimated residential Australian were used to account for clustering and stratification in the survey design and for nonresponse. Odds ratios (ORs) (with 95% CI) for binary outcomes were estimated using forced entry logistic regression models. Regression models included the TV and physical activity categories and were adjusted for age, education level, cigarette smoking, parental history of diabetes, dietary covariates, and waist circumference. Associations of both total physical activity and TV viewing with IFG, IGT, and new type 2 diabetes were determined using separate models with the ORs calculated for the highest category of total physical activity (Ն2.5 h/week) and TV viewing (Ͼ14 h/week). Table 1 shows the demographic characteristics according to the mean hours spent in total physical activity time and the mean hours spent watching TV. Participants who spent more time engaged in physical activity were younger, were more likely to have completed university/further education, and were less likely to smoke cigarettes, be overweight, or have abnormal glucose metabolism. Those reporting more physical activity time had a lower intake of total fat and saturated fat and had a higher intake of carbohydrates, sugars, fiber, and alcohol. Participants who spent more time watching TV were older, were less likely to have completed university/further education, and were more likely to smoke cigarettes, be overweight, and have abnormal glucose metabolism. These participants also had a higher intake of total energy, total and saturated fats, total carbohydrates, and total sugars. However, there were no significant differences with respect to total physical activity. The correlation between TV watching and physical activity levels was negligible (r ϭ Ϫ0.04).
RESULTS -

Sedentary behavior and glucose metabolism
The risk of abnormal glucose metabolism was inversely associated with total physical activity in men and women (Table 2). The associations remained significant after further adjustment for education, family history of diabetes, smoking, dietary covariates, and TV time, but were no longer significant after adjustment for waist circumference. Women who engaged in Ն2.5 h/week of walking plus moderate activity only (excluding those who reported Ͼ0 min vigorous activity) were less likely to have abnormal glucose metabolism compared with those not achieving the public health recommendations. No significant associations for walking plus moderate activity only were observed in men.
After adjusting for age, higher levels of TV time were positively associated with an increased risk of having abnormal glucose metabolism in women, but not in men (Table 3) . Further adjustment for education, family history, smoking, dietary covariates, and physical activity did not appreciably alter the ORs. However, the inclusion of waist circumference into the model led to a larger attenuation in the association in both sexes.
Separate logistic regression models (adjusted for the various confounders, except waist circumference) were applied to provide an estimate of the influence of each 1-h increment in daily TV viewing time and each 30-min/day increase in physical activity on the risk of abnormal glucose metabolism. For each 1-h/day increase in time spent watching TV, there was a 7% (95% CI Ϫ4 to 19%; P ϭ 0.21) and 18% (9 -29%; P ϭ 0.001) increase in the risk of abnormal glucose metabolism in men and women, respectively. In contrast, each 30-min/day increase in physical activity was associated with an 11% (3-19%; P ϭ 0.01) and 10% (Ϫ2 to 10%; P ϭ 0.10) decrease in risk of abnormal glucose metabolism in men and women, respectively.
The associations of TV viewing and total physical activity with IFG, IGT, and new type 2 diabetes are shown in Fig. 1 Data are OR (95% CI). *Adjusted for age, sex, education, family history of diabetes, cigarette smoking, dietary covariates (total energy, total fat, total saturated fat, total carbohydrates, total sugars, fiber, and alcohol), and TV time. Data are OR (95% CI). *Adjusted for age, education, family history of diabetes, cigarette smoking, dietary covariates (total energy, total fat, total saturated fat, total carbohydrates, total sugar, fiber, and alcohol), and physical activity time.
CONCLUSIONS -I n t h i s l a r g e cross-sectional study of Australian adults, compliance with the recommended public health guidelines for physical activity (Ն2.5 h/week) was associated with a reduced risk of having abnormal glucose metabolism in men and women. The study also demonstrated that a sedentary lifestyle, characterized by time spent watching TV, was significantly associated with an increased risk for abnormal glucose metabolism in women, independent of the effects of physical activity. Greater TV time was also shown to more than double the risk of having new type 2 diabetes in men and women. Few population-based studies have used an OGTT to determine the association between physical activity and abnormal glucose metabolism (10, 11, 13, 14) . Most previous studies that have reported a protective effect of physical activity on the prevalence of undiagnosed diabetes or IGT have followed-up middle-aged/ elderly participants (13, 14) or have sampled nonwhite populations (10, 11) . Our study covers a broad age range, and because individuals with IFG, IGT, or new type 2 diabetes were unaware of their condition, biased reporting of physical activity is no more likely in those with or without abnormal glucose metabolism. Although it is well accepted that physical activity reduces the risk of type 2 diabetes (6), our findings have extended this knowledge base by demonstrating an inverse association between physical activity and the presence of asymptomatic diabetes or its precursors.
The findings provide further support for current physical activity recommendations, suggesting that adults who adhere to the minimum physical activity guidelines could reduce their risk of having abnormal glucose metabolism irrespective of TV time and dietary intake. Although our results show that the beneficial effects of physical activity were partly mediated by body fat distribution (waist circumference), it has been argued that adjustment for waist circumference in regression models may constitute statistical overcorrection and lead to an underestimation of the true beneficial effect of physical activity (6) . This is because physical activity has beneficial effects on weight loss and weight maintenance; therefore, increased physical activity may reduce body fat content (6) .
Our finding of an independent association between TV time and new type 2 diabetes in men and women is consistent with recent cohort studies showing that increased TV time is associated with the incidence of self-reported type 2 diabetes, independent of physical activity (6,7). Our study produced mixed results with respect to other categories of abnormal glucose metabolism in that a positive association was observed between TV time and IGT in women but not in men, with no significant associations observed for IFG in either sex. Although the association between TV time and abnormal gluc o s e m e t a b o l i s m i n w o m e n w a s attenuated by the adjustment for waist circumference, the association was more pronounced in women than in men. An earlier population-based sample from the NHLBI (National Heart, Lung and Blood Institute) Family Heart Study showed that blood glucose concentrations were positively correlated with TV watching in both sexes (18) . However, analyses included adjustments for occupational physical activity in that study. Sex differences in associations between TV time and abnormal glucose metabolism in the current study may be caused by limitations in the physical activity instrument, which excludes assessment of domestic and occupational physical activity. Furthermore, previous research has demonstrated that higher proportions of women underreport their dietary intake (28), which could also explain stronger associations between TV viewing and abnormal glucose metabolism among women even after adjusting for dietary intake. The positive association observed between TV time and risk of abnormal glucose metabolism may be explained in a number of ways. It could be that TV viewing displaces physical activity. However, the two variables are poorly related in our own and in other studies (7) . TV viewing has also been found to be associated with snacking behavior (29) . Although the association between TV time and abnormal glucose metabolism was independent of dietary intake, our investigation shows that adults who watched more TV also had an unhealthy eating pattern, as evidenced by higher reported total energy, fat, and saturated fat intake compared with those watching less TV.
The major strengths of this study include its large sample size across a wide age range, measurement of glucose metabolism through blood collection, and measurement of several other covariates including body adiposity. Limitations of the study include assessment of just one aspect of sedentary living (TV viewing) and the cross-sectional study design. Therefore, it is difficult to determine the extent to which participants were in lower physical activity or higher TV time categories because of their health status. Longitudinal studies in this population should clarify the temporal associations between TV time, physical activity, and abnormal glucose metabolism. Furthermore, additional work is required to elucidate the potential behavioral and psychophysical mechanisms for the observed associations between physical activity and TV viewing with abnormal glucose tolerance. In particular, there is evidence that depression is associated with TV viewing (16) and type 2 diabetes (30) . Future research should also aim to collect biomedical end points (such as an OGTT) when assessing abnormal glucose metabolism, and objective measures of physical activity such as accelerometers and pedometers should also be used.
In conclusion, this study provides further evidence that higher levels of physical activity are associated with a reduced risk of having "undiagnosed" abnormal glucose metabolism in adults. In contrast, prolonged TV watching increases the risk, especially in women. These findings suggest that the promotion of physical activity and encouragement of adults to watch less TV may be important dual public health strategies for the prevention of abnormal glucose metabolism and type 2 diabetes.
